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natomy
a  b  s  t  r  a  c  t
Ageratum  conyzoides  L.,  belonging  to  the family  Asteraceae,  is  a  tropical  plant found  in some  regions  of
Africa,  Asia  and  South  America.  This  species  is  popularly  known  as  billy  goat  weed, “mentrasto”  and
“catinga-de-bode”  and  has  a  large  variety  of secondary  metabolites  and  biological  activities  mentioned
in  the  literature.  The  objective  of this  work  was  to contribute  the  pharmacobotanical  standardization
of A. conyzoides.  Cross-sections  were  obtained,  by  hand,  for  microscopic  characterization  of  root,  stem,
petiole  and  leaf  blade;  to  the  leaf  blade  were  still made  paradermal  and  longitudinal  sections,  scanning
electron  microscopy  analysis  and maceration.  The  analysis  showed  that secretory  structures  ducts  are
evidenced  only  in  the petiole  and  the leaf  blade.  The  root  has  parenchymatous  medullar  region;  stem,steraceae
entrasto
icroscopy
orphology
petiole  and  leaf  blade  exhibit  striated  cuticle.  Non-glandular  trichomes  are  present  in  stem,  petiole  and
leaf blade,  while  capitate  glandular  trichomes  are  present  only  in the leaf blade  and  are  restricted  to  the
abaxial face.  These  anatomical  features  are  useful  for diagnosis  of  the  species  and  provide  support  to their
quality  control.
©  2016  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).ntroduction
Asteraceae is a vast plant family that comprises roughly 1500
enera and 25,000 species in different habitats (Souza and Lorenzi,
012). This family consists of vegetation quite distinct, which
anges from herbs, subshrubs, and shrubs to trees (Joly, 2002).
his vegetation is found into diverse habitats once it has a great
nvironmental adaptation (Venable and Levin, 1983).
Ageratum is one of the genera in the family Asteraceae and
onsists of about 30 species (Okunade, 2002). Among the species,
geratum conyzoides L., commonly known as “billy goat weed”,
mentrasto” and “catinga-de-bode” (Cruz, 1995; Asicumpon, 2005;
atos, 2007), is widely used in traditional medicine in several
ountries around the world as a purgative, febrifuge, anti-
nﬂammatory, analgesic, anesthetic and in treatment of ulcers
Lorenzi and Matos, 2002; Okunade, 2002; Leitão et al., 2014).
A. conyzoides is a tropical plant very common in the western
nd eastern regions of the African continent, as well as in some
egions of Asia and South America (Bhatt et al., 2012; Iwu, 2014). It
s an annual aromatic weed of cultivated ﬁelds, however, it is also
nvasive of pastures, vacant lots and even of forest areas (Sousa
t al., 2004; Batish et al., 2006). The occupation of A. conyzoides is
∗ Corresponding author.
E-mail: karina.prandau@ufpe.br (K.P. Randau).
http://dx.doi.org/10.1016/j.bjp.2016.07.002
102-695X/© 2016 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/).easily succeeded because of its wide adaptability in the environ-
ment, its superior reproductive potential and its allelopathy (Kong
et al., 2004).
The species has a wide variety of secondary metabolites, includ-
ing mono and sesquiterpenes, triterpenes, steroids, ﬂavonoids,
coumarins, tannins and alkaloids (González et al., 1991a, 1991b;
Kasali et al., 2002; Moreira et al., 2007; Nour et al., 2010; Bosi
et al., 2013). Some of these metabolites are biologically active,
as the methoxyﬂavone isolated of the hexane extract of leaves
of A. conyzoides,  which had insecticidal activity (Moreira et al.,
2007). Additional properties reported to the plant extracts are
antibacterial activities (Adetutu et al., 2012; Odeleye et al., 2014),
antifungal (Morais et al., 2014), antiparasitic (Teixeira et al., 2014),
anti-inﬂammatory (Moura et al., 2005), healing (Arulprakash et al.,
2012) and cytotoxicity properties (Adetutu et al., 2012).
The essential oil of the leaves or aerial parts of the plant has
been widely investigated for its composition and biological activ-
ities. The major constituents generally found are the chromenes,
precocene I and precocene II, and the sesquiterpenes caryophyllene
and germacrene-D (Okunade, 2002). The main activity described
in the literature for the essential oil is the insecticide (Lima et al.,
2010; Liu and Liu, 2014), but also presents allelopathic (Kong et al.,
2004) and antifungal activities (Nogueira et al., 2010; Patil et al.,
2010).
Despite the wide range of pertinent studies on the chemical
composition and activities of A. conyzoides,  there are few studies
ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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n the anatomical description of the plant. Thus, this work aimed
o describe the morpho-anatomical characteristics of root, stem,
etiole and leaf blade, to contribute to the proper identiﬁcation of
his medicinal plant, besides to providing more information about
he Ageratum genus.
aterials and methods
lant material
Several specimens of adult plants of Ageratum conyzoides
., Asteraceae, were collected in the city of Camocim de São
élix, Pernambuco, Brazil. A voucher specimen was prepared and
eposited in the Herbarium Dárdano de Andrade Lima of the Insti-
uto Agronômico de Pernambuco (IPA), under collection number
9312.
orpho-anatomical characterization
Several cross-sections were made at the middle region of the
oot, stem, petiole and leaf blade from the fresh material, by
and, using a common razor blade and petiole marrow from the
ecropia sp. as a support material (Oliveira and Akisue, 2009).
he cross-sections were subjected to decolorization with sodium
ypochlorite solution (50%) (Kraus and Arduin, 1997), followed
y washing with distilled water and, lastly, stained according to
he technique described by Bukatsch (1972) with safranin and
stra blue. Paradermal and longitudinal sections of the leaf blade
ere also performed, using the aforementioned procedures, but the
aradermal sections were stained with methylene blue (Krauter,
985).
Posteriorly, semipermanent histological slides were prepared
ontaining the sections of botanical material, following common
lant anatomy procedures (Johansen, 1940; Sass, 1951). The macro-
copic description followed the methodology of Oliveira and Akisue
2009).
canning electron microscopy (SEM)
Analyses were performed in samples of fresh leaf blades. The
amples were ﬁxed in 2.5% glutaraldehyde (buffered with 0.1 M
odium cacodylate). After that, the material was subjected to
ost-ﬁxation using 2% osmium tetroxide solution (buffered with
.1 M sodium cacodylate) and dehydration in ethanol series. Subse-
uently, the material was submitted to critical point drying (Bal-Tec
PD 030) and mounted onto SEM stubs, using double-sided adhe-
ive tape and sputter-coated with gold (Leica EM SCD 500) (Haddad
t al., 1998). Finally, the samples were examined with a scanning
lectron microscope (Quanta 200 FEG) in the Centro de Tecnologias
stratégicas do Nordeste.
aceration
The maceration was performed using fresh leaf blades frag-
ents that were disintegrated with the mixture of 10% nitric acid
nd 10% chromic acid (1:1), according to the method of Jeffrey
Johansen, 1940).
nalysis of histological slidesThe analysis of the semipermanent histological slides prepared
or anatomical characterization and maceration were conducted on
mages in software (Toup View Image), obtained by digital camera
oupled to a light microscope (Alltion).rmacognosia 26 (2016) 679–687
Results and discussion
Macroscopic aspects
A. conyzoides (Fig. 1A) has fasciculate root, presenting a col-
oration yellowish to brown and weakly ﬁxed to the soil (Fig. 1B).
The stem is green in the young plant but it may  present brown
color in older plants. Moreover, the stem is classiﬁed as aerial,
has cylindrical shape and is covered by trichomes (Fig. 1E). The
leaves are simple, opposite, oval shape, acute tip, attenuated base
and toothed margin, covered with whitish trichomes. The petiole
is straight (Fig. 1C) and has concave-convex contour. The terminal
inﬂorescences bears about ﬁfteen purple ﬂower-head (Fig. 1D).
Microscopic aspects
Root
The root of A. conyzoides, in cross-section, has cylindrical con-
tour, presenting suber and some lenticels (Fig. 2A). In the root of
Ageratum fastigiatum (Gardn.) R.M. King et H. Rob., Del-Vechio-
Vieira et al. (2008) evidenced a desquamation process of the
peridermis, with consequent elimination of some cortical layers
and the epidermis. The cortical parenchyma consists of about
ﬁve layers of cells, with straight or slightly sinuous walls. It is
also observed in this region the presence of inter-cellular air
spaces (aerenchyma) (Fig. 2A) and cellular inclusions (Fig. 2B).
Aerenchyma was  also visualized in the cortical region of the root
of Ageratum houstonianum Mill., but not in A. fastigiatum (Del-
Vechio-Vieira et al., 2008; Das and Mukherjee, 2013), which can
be a useful feature in the differentiation of these species. Also in
relation to the cortical region, in the species A. houstonianum were
found secretory ducts and in A. fastigiatum were found secretory
canals (Del-Vechio-Vieira et al., 2008; Das and Mukherjee, 2013).
In the species studied in this work were not found secretory struc-
tures in the root, which is, therefore, another important diagnostic
feature.
The endodermis is uniseriate and has Casparian strips (Fig. 2A
and B). The vascular system is formed by xylem, which occupies
most of the root (Fig. 2A and C), and by phloem, arranged in
few layers, surrounding the xylem (Fig. 2A). In A. fastigiatum the
secondary phloem is distributed in groups of cells separated by
parenchymatic rays (Del-Vechio-Vieira et al., 2008). The pith of A.
conyzoides is composed of parenchymatic cells with straight walls
(Fig. 2C). A. houstonianum also has parenchymatic medullar region
(Das and Mukherjee, 2013), differing from A. fastigiatum,  whose
central region of root is all occupied by xylem (Del-Vechio-Vieira
et al., 2008). Other members of Asteraceae, such as Bidens pilosa
and Pluchea sagittalis, also exhibit parenchymatic medullar region
(Colares et al., 2014).
Stem
In cross-section, the stem has cylindrical contour. The epider-
mis  is uniseriate, coated with a thin and striated layer of cuticle
(Fig. 3A and B). The presence of striations in the cuticle of stem
is also reported in A. fastigiatum and in other genera of the family
Asteraceae, such as Baccharis and Elephantopus (Budel and Duarte,
2008; Del-Vechio-Vieira et al., 2008; Empinotti and Duarte, 2008).
It is also observed the presence of non-glandular trichomes, which
are multicellular and uniseriate (Fig. 3A and C).
According to Metcalfe and Chalk (1950), non-glandular tri-
chomes and glandular trichomes are very common in Asteraceae.
In stem, some species have only non-glandular trichomes, as is the
case of the species under study, A. houstonianum Mill., Chaptalia
nutans (L.) Pohl, Mikania lanuginosa DC and Vernonia brasiliana (L.)
Druce (Filizola et al., 2003; Duarte et al., 2007; Das and Mukherjee,
2013; Amorin et al., 2014). A. fastigiatum (Gardn.) R. M.  King et
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ower-head (ﬂo), which are purple; (E) Stem (ste) and leaves (le) in opposite positi
. Rob. has both, glandular and non-glandular trichomes (Del-
echio-Vieira et al., 2008), as well as Acanthospermum australe
Loeﬂ.) Kuntze, Achyrocline alata (Kunth) DC., Ayapana triplinervis
Vahl) R.M. King & H. Rob., Baccharis rufescens Spreng. var. tenuifolia
DC.) Baker, B. uncinella DC., Calea uniﬂora Less., Elephantopus mollis
unth and Gymnanthemum amygdalinum (Delile) Sch.Bip. ex Walp.
Budel et al., 2006; Martins et al., 2006; Mussury et al., 2007; Budel
nd Duarte, 2008; Empinotti and Duarte, 2008; Duarte and Silva,
013; Souza et al., 2013; Nery et al., 2014).
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ig. 2. Ageratum conyzoides L. (Asteraceae), cross-sections of the root. (A) Detail of sub
ndodermis (end), phloem (ph) and xylem (xy); (B) detail of cellular inclusion (in) in cortic
pa)  and xylem (xy). Bars: A and C = 200 m;  B = 50 m.ulate type; (C) Single leaves (le), abaxial (ab) and adaxial (ad) faces; (D) detail of
rs: B, C, and D = 2 cm;  E = 5 cm.
The cortical region is formed by two  to four layers of angu-
lar collenchyma and for about ﬁve layers of parenchymatic cells
(Fig. 3A and B). There are cellular inclusions in this region (Fig. 3D).
The type of collenchyma can be used to distinguish the stems of
Ageratum conyzoides and A. fastigiatum, because in the latter the col-
lenchyma varies between angular and lamellar (Del-Vechio-Vieira
et al., 2008). Different from what was  observed in the cortical region
of the root of A. conyzoides,  in the stem there is no aerenchyma in
this region (Fig. 3A).
end
C
pa
xy
er (su), lenticel (len), cortical parenchyma (cp) with some air gaps intercellular,
al region and the endodermis (end); (C) view of the parenchymatic medullar region
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Fig. 3. Ageratum conyzoides L. (Asteraceae), cross-sections of the stem. (A) General view, showing epidermis (ep) with non-glandular trichome (ngt), cortical region formed
by  collenchyma (co) and parenchyma (cp), endodermis (end), sclerenchyma ﬁbers (scl), phloem (ph), xylem (xy) and medullar region composed of parenchyma (pa); (B)
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ngt);  (D) cellular inclusion (in) in cortical region; (E) starch grains (sg) in the endode
 = 500 m.
Starch grains are visualized in the endodermis (Fig. 3E). In
he family Asteraceae, the endodermis is well deﬁned and it may
resent Casparian strips or occur as starch sheath (Metcalfe and
halk, 1950). In A. fastigiatum there are secretory canals near the
ndodermis, which was not evidenced in A. conyzoides and A.
oustonianum (Del-Vechio-Vieira et al., 2008; Das and Mukherjee,
013). The vascular system is collateral, consisting of several
ontinuous bundles, distributed in a single ring. Isolated scle-
enchyma ﬁbers are located externally to the phloem, forming
aps (Fig. 3A). The medullar region consists of parenchyma and
nclusions are found in some cells (Fig. 3A and F). The pith cells
f A. fastigiatum may  have ligniﬁcation (Del-Vechio-Vieira et al.,
008).
etiole
In cross-section, the petiole has concave-convex shape, with
wo ribs on adaxial face (Fig. 4A). The same format is common in
ther species of Ageratum (Del-Vechio-Vieira et al., 2008; Das and
ukherjee, 2013). The epidermis is composed of a single layer of
ells and covered with a thin and striated cuticle (Fig. 4A and B). The
ame type of non-glandular trichome found on stem also appears
n the petiole (Fig. 4A) and, furthermore, some stomata are inserted
n the epidermis (Fig. 4B). The angular collenchyma is almost con-
inuous, encircling the entire parenchymatic internal region of the
etiole, composed by one to two layers of cells (Fig. 4A). However,
n the adaxial ribs are observed more layers of this tissue (Fig. 4A).
n A. fastigiatum predominate the angular and lacunar types of col-
enchyma and it may  appear interrupted by lacunary parenchyma,
n which are located large spaces of lysigenous origin (Del-Vechio-
ieira et al., 2008).
The vascular system is constituted by three to ﬁve deﬁned cen-
ral bundles arranged in an open arch, with rib traces (Fig. 4A).
he bundles are bicollateral (Fig. 4C), while in A. houstonianum and
. fastigiatum the bundles are collateral (Del-Vechio-Vieira et al.,
008; Das and Mukherjee, 2013). Other species of Asteraceae that
ave bicollateral vascular bundles in the petiole are Aspilia africanangular collenchyma (co) and cortical parenchyma (cp); (C) non-glandular trichomes
(F) cellular inclusion (in) in medullar region. Bars: A = 200 m; B, D, E and F = 50 m;
(Pers) C.D Adams, Tithonia diversifolia (Hemsl) A. Gray and Vernonia
amygdalina Del. (Mabel et al., 2013). Secretory ducts are found close
to the vascular bundles (Fig. 4C). These structures are common in
Asteraceae (Castro et al., 1997) and also have been described in
petioles of A. fastigiatum (Gardn.) R.M. King et H. Rob., Flourensia
campestris Griseb., F. oolepis S. F. Blake and Siegesbeckia orientalis L.
(Aguilera et al., 2004; Delbón et al., 2007; Del-Vechio-Vieira et al.,
2008). In the cells of the parenchyma and in some cells of the col-
lenchyma inclusions can be found, mainly in the regions where
these tissues are joined (Fig. 4D).
Leaf blade
The leaf blade of A. conyzoides, in surface view, shows epi-
dermal cells with sinuous walls on both sides (Fig. 5A and B).
The leaf blade is amphistomatic, with anomocytic and anisocytic
stomata, being the ﬁrsts more frequent (Fig. 5A and 5B). Metcalfe
and Chalk (1950) reported that for Asteraceae the stomata are
usually anomocytic. However, data from the literature are quite
different with respect to the types of stomata present in the leaf
blade of A. conyzoides.  In some studies were found only stomata
anomocytic (Ferreira et al., 2002; Unamba et al., 2008; Folorunso
and Awosode, 2013). Rahman et al. (2013) found the same types
identiﬁed in this work and Adedeji and Jewoola (2008) said that
the plant has largely anisocytic and occasionally anomocytic and
brachyparacytic.
Non-glandular trichomes, which are the same type described in
stem and petiole, are visualized on both faces and capitate glandu-
lar trichomes are restricted to abaxial face (Fig. 5C and D). Regarding
the types of trichomes, it is also observed divergence in the liter-
ature. Ferreira et al. (2002), investigating the plant also collected
in Brazil, reported the presence of non-glandular and glandular tri-
chomes, but, different from that found in this study, the authors
stated that the glandular trichomes are located on both faces of
the leaf blade. In a study of the leaf blade anatomy of A. conyzoides
cultivated in different substrates, the types of trichomes and its
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Fig. 4. Ageratum conyzoides L. (Asteraceae), cross-sections of the petiole. (A) General aspect, showing epidermis (ep), non-glandular trichomes (ngt), collenchyma (co), ground
parenchyma (gp) and vascular bundles (vb); (B) detail of epidermis (ep) coated with thin and striated cuticle (ct) and stomata (st); (C) detail of bicollateral vascular bundles
(vb)  and secretory duct (sd); (D) cellular inclusion (in) in parenchyma and collenchyma. Bars: A = 500 m;  B and D = 50 m; C = 200 m.
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DC
Fig. 5. Ageratum conyzoides L. (Asteraceae), frontal view of the leaf blade. (A) Adaxial face showing epidermal cells (ep) and stomata (st); (B) abaxial face showing epidermal
cells  (ep) and stomata (st); (C) non-glandular trichome (ngt) on the abaxial face; (D) capitate glandular trichome (gt) on the abaxial face. Bars: A–D = 50 m.
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uticle  (ct) on the adaxial face; (C) epidermal cells (ep) and stomata (st) on the ada
landular trichome (gt) on the abaxial face; (F) stomata (st) and striated cuticle (ct) oistribution in the leaf blade corresponded to those described in
his work (Millani et al., 2010).
The studies conducted on the species collected in Nigeria
nd Bangladesh described only the presence of non-glandular
vb
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sdsd
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A B
C D
ig. 7. Ageratum conyzoides L. (Asteraceae), cross-sections (A, B, C and E) and longitudina
ep),  collenchyma (co), ground parenchyma (gp) and vascular bundles (vb); (B) detail of
ucts  (sd) next to the bundles; (D) secretory duct (sd) in longitudinal view; (E) detail o
nclusion (in). Bars: A, B and D = 200 m;  C and E = 50 m. face showing non-glandular trichomes (ngt); (B) epidermal cells (ep) and striated
ce; (D) view of the abaxial face showing non-glandular trichome (ngt); (E) capitate
 abaxial face. Bars: A = 500 m;  B and C = 50 m;  D = 400 m;  E = 100 m; F = 20 m.trichomes (Folorunso and Awosode, 2013; Rahman et al., 2013;
Mabel et al., 2014). According to Werker (2000), although the dif-
ferentiation of trichomes is genetically controlled, their frequency
is affected by biotic and abiotic factors.
ngt
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ep pp
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E
l section (D) of the leaf blade. (A) General aspect of the midrib showing epidermis
 epidermis (ep), non-glandular trichome (ngt) and collenchyma (co); (C) secretory
f epidermis (ep), palisade parenchyma (pp), spongy parenchyma (sp) and cellular
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In the leaf blade analysis in SEM it was also noted the presence
f the non-glandular trichomes on both faces and the presence of
he capitate glandular trichomes only on abaxial face, as it was
reviously visualized by light microscopy (Fig. 6A, D and E). But
nly in SEM it was possible observed, with more detail, that the
uticle is striated on both faces (Fig. 6B and F) and that, on the adax-
al face, the stomata are situated slightly below of epidermal cells
Fig. 6C), while on the abaxial face they are situated on the same
evel or slightly above of epidermal cells (Fig. 6E and F). Regarding
he presence of striated cuticle on the leaf blade of A. conyzoides,
wo other studies afﬁrmed that the cuticle is non-striated (Adedeji
nd Jewoola, 2008; Mabel et al., 2014); however, it is possible that
his divergence is due to the fact that, in these works, were not per-
ormed the analysis in SEM, which has a higher resolution on the
bservation of microstructural features (Haddad et al., 1998).
In cross-section, A. conyzoides shows a midrib with biconvex
ontour (Fig. 7A). A. fastigiatum exhibits midrib ranging from plane-
onvex to slightly biconvex (Del-Vechio-Vieira et al., 2008). The
pidermis is uniseriate (Fig. 7A and B) and it is also observed non-
landular trichomes throughout the midrib (Fig. 7B). Adjacent the
pidermis is located the angular collenchyma, composed of one to
wo layers on the abaxial face of the midrib (Fig. 7A) and up to four
ayers of cells in its adaxial face (Fig. 7B).
In A. fastigiatum the chlorophyll parenchyma invades the region
f the midrib until close of the vascular bundle, which does not
appen in A. conyzoides (Del-Vechio-Vieira et al., 2008). In the cen-
ral region of the midrib of A. conyzoides can be found one to three
ollateral vascular bundles, arranged in an open arch (Fig. 7A). In
he literature, there is description of only one vascular bundle in
he midrib of A. conyzoides (Millani et al., 2010; Mabel et al., 2014;
keke and Mensah, 2015). Secretory ducts are found next to the
undles (Fig. 7C and D), which corroborates the study of Millani
t al. (2010). However, Mabel et al. (2014) and Ekeke and Mensahep) and stomata (st); (B) vessel element of the helical type (vb); (C) non-glandular
.
(2015) did not report the presence of secretory structures in the
midrib of the plant.
The mesophyll is dorsiventral, with one layer of palisade
parenchyma and three to four layers of dense spongy parenchyma
(Fig. 7E). In Ageratum fastigiatum the chlorophyll parenchyma is pli-
cated (Del-Vechio-Vieira et al., 2008). Cellular inclusions are found
throughout the mesophyll (Fig. 7E).
The leaf blade of A. conyzoides,  after macerated, presents epi-
dermal cells and stomata (Fig. 8A), as well as vessel elements
of the helical type (Fig. 8B). The two  types of trichomes viewed
in cross-section and paradermal sections are also found in the
macerated leaf blade (Fig. 8C and D), and they could be intact or
fragmented, especially the non-glandular trichome (Fig. 8C). The
maceration data is useful when it is not possible to analyze the plant
material through histological sections (Farmacopeia Brasileira,
2010).
Conclusion
This work has contributed to expand the information about
Ageratum conyzoides,  utilizing usual techniques of microscopic
analysis of plants. It was shown that the root, stem, petiole and leaf
blade of A. conyzoides present anatomical characteristics that are
useful in the identiﬁcation and differentiation from other species of
this genus and are also essential parameters for the quality control
of vegetable raw material.
Authors’ contributionsRFS contributed in collecting plant sample, confection of a
voucher specimen, running the laboratory work, analysis of the
data and drafted the paper. BMN  and RDS contributed in prepara-
tion of the semi-permanent histological slides. LALS contributed to
6 a de Fa
c
v
t
a
C
A
f
t
R
A
A
A
A
A
A
B
B
B
B
B
B
C
C
C
D
D
D
D
D
E
E
F
F86 R.F. Santos et al. / Revista Brasileir
ritical reading of the manuscript. KPR designed the study, super-
ised the laboratory work and contributed to critical reading of
he manuscript. All the authors have read the ﬁnal manuscript and
pproved the submission.
onﬂicts of interest
The authors declare no conﬂicts of interest.
cknowledgments
The authors are grateful to CNPq for ﬁnancial support in the
orm of fellowship awards and to FACEPE for ﬁnancial support in
he form of grants.
eferences
dedeji, O., Jewoola, O.A., 2008. Importance of leaf epidermal characters in the
Asteraceae family. Not. Bot. Horti Agrobot. Cluj 36, 7–16.
detutu, A., Morgan, W.A., Corcoran, O., Chimezie, F., 2012. Antibacterial activity and
in  vitro cytotoxicity of extracts and fractions of Parkia biglobosa (Jacq.) Benth.
stem  bark and Ageratum conyzoides Linn. leaves. Environ. Toxicol. Pharmacol.
34, 478–483.
guilera, D.B., Meira, R.M.S.A., Fereira, F.A., 2004. Anatomy and histochemistry of
the vegetative organs of Siegesbeckia orientalis (Asteraceae). Planta Daninha 22,
483–489.
morin, M.,  Paula, J.P., Silva, R.Z., Farago, P.V., Budel, J.M., 2014. Pharmacobotanical
study of the leaf and stem of Mikania lanuginosa for its quality control. Rev. Bras.
Farmacogn. 24, 531–537.
rulprakash, K., Murugan, R., Ponrasu, T., Iyappan, K., Gayathri, V.S., Suguna, L., 2012.
Efﬁcacy of Ageratum conyzoides on tissue repair and collagen formation in rats.
Clin. Exp. Dermatol. 37, 418–424.
sicumpon, 2005. The Association for Scientiﬁc Identiﬁcation, Conservation and Uti-
lization of Medicinal Plants of Nigeria Checklist of Medicinal Plants of Nigeria
and their uses. Trinity-Biz Publishers, Abakpa-Enugu.
atish, D.R., Singh, H.P., Kaur, S., Kohli, R.K., 2006. Phytotoxicity of Ageratum cony-
zoides towards growth and nodulation of Cicer arietinum. Agric. Ecosyst. Environ.
11,  399–401.
hatt, J.R., Singh, J.S., Singh, S.P., Tripathi, R.S., Kohli, R.K., 2012. Invasive Alien Plants:
An  Ecological Appraisal for the Indian Subcontinent. Cabi, Wallingford, UK.
osi, C.F., Rosa, D.W., Grougnet, R., Lemonakis, N., Halabalaki, M., Skaltsounis, A.L.,
Biavatti, M.W.,  2013. Pyrrolizidine alkaloids in medicinal tea of Ageratum cony-
zoides.  Rev. Bras. Farmacogn. 23, 425–432.
udel, J.M., Duarte, M.R., Farago, P.V., Takeda, I.J.M., 2006. Caracteres anatômicos de
folha e caule de Calea uniﬂora Less., Asteraceae. Rev. Bras. Farmacogn. 16, 53–60.
udel, J.M., Duarte, M.R., 2008. Estudo farmacobotânico de folha e caule de Baccharis
uncinella DC., Asteraceae. Lat. Am.  J. Pharm. 27, 740–746.
ukatsch, F., 1972. Bemerkungen zur doppelfärbung Astrablau-Safranin. Mikrokos-
mos  61, 255.
astro, M.M., Leitão-Filho, H.F., Monteiro, W.R., 1997. Utilizac¸ ão de estruturas secre-
toras na identiﬁcac¸ ão dos gêneros de Asteraceae de uma  vegetac¸ ão de cerrado.
Rev.  Bras. Biol. 20, 163–174.
olares, M.N., Hernández, M.P., Novoa, M.C., Perrotta, V.G., Auguet, S., Arambarri,
A.M., 2014. Anatomía comparada de raíces medicinales de hierbas terrestres
rioplatenses (Buenos Aires, República Argentina). Dominguezia 30, 5–17.
ruz, G.L., 1995. Dicionário das plantas úteis do Brasil. Bertrand Brasil, Rio de Janeiro.
as, K.S., Mukherjee, S.K.r., 2013. Comparative morphological, anatomical and paly-
nological observation in Ageratum conyzoides and Ageratum houstonianum of the
family Compositae. Int. J. Pharm. Res. Bio-Sci. 2, 48–62.
elbón, N., Cosa, M.T., Dottori, N., 2007. Anatomía de órganos vegetativos en Flouren-
cia  campestris y F. oolepis (Asteraceae), con especial referencia a las estructuras
secretoras. Arnaldoa 14, 61–70.
el-Vechio-Vieira, G., Barbosa, M.V.D., Lopes, B.C., Sousa, O.V., Santiago-Fernandes,
L.D.R., Esteves, R.L., Kaplan, M.A.C., 2008. Caracterizac¸ ão morfoanatômica de
Ageratum fastigiatum (Asteraceae). Rev. Bras. Farmacogn. 18, 769–776.
uarte, M.R., Siebenrok, M.C.N., Empinotti, C.B., 2007. Anatomia comparada de espé-
cies de arnica: Porophyllum ruderale (Jacq.) Cass. e Chaptalia nutans (L.) Pohl. Rev.
Ciênc. Farm. Básica Apl. 28, 193–201.
uarte, M.R., Silva, A.R., 2013. Anatomical characters of the medicinal leaf and stem
of Gymnanthemum amygdalinum (Delile) Sch.Bip. ex Walp, (Asteraceae). Braz. J.
Pharm. Sci. 49, 719–727.
keke, C., Mensah, S.I., 2015. Comparative anatomy of midrib and its signiﬁcance in
the  taxonomy of the family Asteraceae from Nigeria. J. Plant Sci. 10, 200–205.
mpinotti, C.B., Duarte, M.R., 2008. Estudo anatômico de folha e caule de Elephanto-
pus mollis Kunth (Asteraceae). Rev. Bras. Farmacogn. 18, 108–116.armacopeia Brasileira, 2010. Agência Nacional de Vigilância Sanitária, Brasilia, DF,
5th  ed.
erreira, E.A., Procópio, S.O., Silva, E.A.M., Silva, A.A., Ruﬁno, R.J.N., 2002. Estudos
anatômicos de folhas de espécies de plantas daninhas. II – Bidens pilosa, Emilia
sonchifolia, Ageratum conyzoides e Sonchus asper. Planta Daninha 20, 327–335.rmacognosia 26 (2016) 679–687
Filizola, L.R.S., Pimentel, R.M.M., Randau, K.P., Xavier, H.S., 2003. Anatomia dos órgãos
vegetativos de Vernonia brasiliana (L.) Druce. Lat. Am. J. Pharm. 22, 299–303.
Folorunso, A.E., Awosode, O.D., 2013. Comparative anatomy of invasive and non-
invasive species in the family Asteraceae in Nigeria. Int. J. Biol. Chem. Sci. 7,
1804–1819.
González, A.G., Aguiar, Z.E., Grillo, T.A., Luis, J.G., Rivera, A., Calle, J., 1991a. Chromenes
from Ageratum conyzoides. Phytochemistry 30, 1137–1139.
González, A.G., Aguiar, Z.E., Grillo, T.A., Luis, J.G., Rivera, A., Calle, J., 1991b.
Methoxyﬂavones from Ageratum conyzoides. Phytochemistry 30, 1269–1271.
Haddad, A., Sessos, A., Attias, M.,  Farina, M.,  Nazareth, M.M.,  Silveira, M.,  Benchi-
mol, M., Soares, M.J., Barth, M.O., Machado, D.R., Souto-Padrón, T., Souza, W.,
1998. Técnicas básicas de microscopia eletrônica aplicadas às Ciências Biológi-
cas. Sociedade Brasileira de Microscopia Eletrônica, Rio de Janeiro.
Iwu, M.M.,  2014. Handbook of African Medicinal Plants, 2nd ed. CRC Press, New York.
Johansen, D.A., 1940. Plant Microtechnique. McGraw-Hill, New York.
Joly, A.B., 2002. Botânica: introduc¸ão à taxonomia vegetal, 13th ed. Companhia Edi-
tora, São Paulo.
Kasali, A.A., Winterhalter, P., Adio, A.M., Knapp, H., Bonnlander, B., 2002. Chromenes
in  Ageratum conyzoides.  Flavour Fragr. J. 17, 247–250.
Kong, C., Liang, W.,  Hu, F., Xu, X., Wang, P., Jiang, Y., Xing, B., 2004. Allelochemicals and
their transformations in the Ageratum conyzoides intercropped citrus orchard
soils. Plant Soil 264, 49–157.
Kraus, J.E., Arduin, M.,  1997. Manual básico de métodos em morfologia vegetal. EDUR,
Rio de Janeiro.
Krauter, D., 1985. Erfahrungen mit Etzolds FSA-Färbung für pﬂanzenschnitte.
Mikrokosmos 74, 231–233.
Leitão, F., Leitão, S.G., Fonseca-Kruel, V.S., Silva, I.M., Martins, K., 2014. Medicinal
plants traded in the open-air markets in the State of Rio de Janeiro, Brazil:
an overview on their botanical diversity and toxicological potential. Rev. Bras.
Farmacogn. 24, 225–247.
Lima, R.K., Cardoso, M.G., Moraes, J.C., Andrade, M.A., Melo, B.A., Rodrigues, V.G.,
2010. Caracterizac¸ ão química e atividade inseticida do óleo essencial de Agera-
tum conyzoides L. sobre a lagarta-do-cartucho do milho Spodoptera frugiperda
(Smith, 1797) (Lepidoptera: Noctuidae). Biosci. J. 26, 1–5.
Liu, X.C., Liu, Z.L., 2014. Evaluation of larvicidal activity of the essential oil of Ageratum
conyzoides L. aerial parts and its major constituents against Aedes albopictus.  J.
Entomol. Zool. Stud. 2, 345–350.
Lorenzi, H., Matos, F.J.A., 2002. Plantas medicinais no Brasil: nativas e exóticas. Plan-
tarum, São Paulo.
Mabel, A.F., Johnson, A.A., Temitope, O.O., 2013. Petiole anatomy of some species of
Asteraceae in southwest Nigeria. Afr. J. Plant Sci. 7, 608–612.
Mabel, A.F., Johnson, A.A., Olufemi, O.O., Ayomipo, A.A.T., 2014. Foliar anatomy of
some species of Asteraceae in South Western Nigeria. Afr. J. Plant Sci. 8, 426–440.
Martins, L.R.R., Mourão, K.S.M., Meyer-Albiero, A.L., Cortez, D.A.G., Dias-Filho, B.P.,
Nakamra, C.V., 2006. Estudo morfoanatômico preliminar do caule e da folha de
Acanthospermum australe (Loeﬂ.) Kuntze (Asteraceae-Heliantheae). Rev. Bras.
Farmacogn. 16, 42–52.
Matos, J.F.B., 2007. Plantas medicinais: guia de selec¸ ão e emprego das plantas usadas
em  ﬁtoterapia no Nordeste do Brasil. Imprensa Universitária, Fortaleza.
Metcalfe, C.R., Chalk, L., 1950. Anatomy of the Dicotyledons: Leaves, Stem, and Wood
in  Relation to Taxonomy with Notes on Economic Uses. Clarendon Press, Oxford.
Millani, A.A., Rossatto, D.R., Rubin Filho, C.J., Kolb, R.M., 2010. Análise de
crescimento e anatomia foliar da planta medicinal Ageratum conyzoides L.
(Asteraceae) cultivada em diferentes substratos. Rev. Bras. Plantas Med. 12,
127–134.
Morais, W.C.C., Lima, M.A.P., Zanuncio, J.C., Oliveira, M.A., Braganc¸ a, M.A.L., Serrão,
J.E., Lucia, T.M.C.D., 2014. Extracts of Ageratum conyzoides, Coriandrum sativum
and Mentha piperita inhibit the growth of the symbiotic fungus of leaf-cutting
ants. Ind. Crops Prod. 65, 463–466.
Moreira, M.D., Picanc¸ o, M.C., Barbosa, L.C.A., Guedes, R.N.C., Barros, E.C., Campos,
M.R., 2007. Compounds from Ageratum conyzoides: isolation, structural elucida-
tion  and insecticidal activity. Pest Manag. Sci. 63, 615–621.
Moura, A.C.A., Silva, E.L.F., Fraga, M.C.A., Wanderley, A.G., Aﬁatpour, P., Maia, M.B.S.,
2005. Antiinﬂammatory and chronic toxicity study of the leaves of Ageratum
conyzoides L. in rats. Phytomedicine 12, 138–142.
Mussury, R.M., Betoni, R., Vieira, M.C., Scalon, S.D.P.Q., Barros, S.S.U., 2007. Morfo
anatomia do eixo vegetativo aéreo de Achyrocline alata (Kunth) DC. (Asteraceae).
Rev. Bras. Plantas Med. 9, 94–101.
Nery, M.I.S., Potiguara, R.C.V., Kikuchi, T.Y.S., Garcia, T.B., Lins, A.L.F.A., 2014. Mor-
foanatomia do eixo vegetativo aéreo de Ayapana triplinervis (Vahl) R.M. King &
H.  Rob. (Asteraceae). Rev. Bras. Plantas Med. 16, 62–70.
Nogueira, J.H.C., Gonc¸ alez, E., Galleti, S.R., Facanali, R., Marques, M.O.M., Felício, J.D.,
2010. Ageratum conyzoides essential oil as aﬂatoxin suppressor of Aspergillus
ﬂavus.  Int. J. Food Microbiol. 137, 55–60.
Nour, A.M.M., Khalid, S.A., Kaiser, M.,  Brun, R., Abdalla, W.E., Schmidt, T.J., 2010. The
antiprotozoal activity of methylated ﬂavonoids from Ageratum conyzoides L. J.
Ethnopharmacol. 129, 127–130.
Odeleye, O.P., Oluyege, J.O., Aregbesola, O.A., Odeleye, P.O., 2014. Evaluation of pre-
liminary phytochemical and antibacterial activity of Ageratum conyzoides (L.) on
some clinical bacterial isolates. Int. J. Eng. Sci. 3, 01–05.
Okunade, A.L., 2002. Ageratum conyzoides L. Asteraceae. Fitoterapia 73, 1–16.
Oliveira, F., Akisue, G., 2009. Fundamentos de farmacobotânica e de morfologia
vegetal, 3rd ed. Atheneu, São Paulo.
Patil, R.P., Nimbalkar, M.S., Jadhav, U.U., Dawkar, V.V., Govindwar, S.P., 2010.
Antiaﬂatoxigenic and antioxidant activity of an essential oil from Ageratum
conyzoides L. J. Sci. Food Agric. 90, 608–614.
 de Fa
R
S
S
S
SR.F. Santos et al. / Revista Brasileira
ahman, A.H.M.M., Islam, A.K.M.R., Rahman, M.M.,  2013. An anatomical investi-
gation on Asteraceae family at Rajshahi Division, Bangladesh. Int. J. Biosci. 3,
13–23.
ass, J.E., 1951. Botanical Microtechnique, 2nd ed. Iowa State College Press, Ames.
ousa, M.P., Matos, M.E.O., Matos, F.J.A., Machado, M.I.L., Craveiro, A.A., 2004. Con-
stituintes químicos ativos e propriedades biológicas de plantas medicinais
brasileiras. Editora UFC, Fortaleza.ouza, V.C., Lorenzi, H., 2012. Botânica sistemática: guia ilustrado para identiﬁcac¸ ão
das  famílias de fanerógamas nativas e exóticas no Brasil, baseado em APG III.
Instituto Plantarum, Nova Odessa.
ouza, J.P., Santos, V.L.P., Franco, C.R.C., Bortolozo, E.A.F.Q., Farago, P.V., Matzen-
bacher, N.I., Budel, J.M., 2013. Baccharis rufescens Spreng. var. tenuifolia (DC.)rmacognosia 26 (2016) 679–687 687
Baker: contribuic¸ ão ao estudo farmacognóstico. Rev. Bras. Plantas Med. 15,
566–574.
Teixeira, T.L., Teixeira, S.C., Silva, C.V., Souza, M.A., 2014. Potential therapeutic use
of herbal extracts in trypanosomiasis. Pathog. Glob. Health 108, 30–36.
Unamba, C.I.N., Inyama, C.N., Okeke, S.E., Mbagwu, F.N., 2008. Leaf epidermal fea-
tures of Ageratum conyzoides, Aspilia africana, Chromolaena odorata and Tridax
procumbens (Asteraceae). Int. Sci. Res. J. 1, 169–172.Venable, D.L., Levin, D.A., 1983. Morphological dispersal structures in relation to
growth habit in the Compositae. Plant. Syst. Evol. 143, 1–16.
Werker, E., 2000. Trichome diversity and development. In: Hallahan, D.L., Gray, J.C.
(Eds.), Advances in Botanical Research: Plant Trichomes. Academic Press, San
Diego, pp. 1–35.
